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Abstract
The experiment of Krasznahorkay et al observed the transition of a 8Be excited state to its
ground state and accompanied by an emission of e+e− pair with 17 MeV invariant mass. This
6.8σ anomaly can be fitted by a new light gauge boson. We consider the new particle as a U(1)
gauge boson, Z ′, which plays as a portal linking dark sector and visible sector. In particular, we
study the new U(1) gauge symmetry as a hidden or non-hidden group separately. The generic
hidden U(1) model, referred to as dark Z model, is excluded by imposing various experimental
constraints. On the other hand, a non-hidden Z ′ is allowed due to additional interactions between
Z ′ and Standard Model fermions. We also study the implication of the dark matter direct search
on such a scenario. We found the search for the DM-nucleon scattering cannot probe the parameter
space that is allowed by 8Be-anomaly for the range of DM mass above 500 MeV. However, the
DM-electron scattering for DM between 20 and 50 MeV can test the underlying U(1) portal model
using the future Si and Ge detectors with 5e− threshold charges.
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I. INTRODUCTION
Recently, the experiment of Krasznahorkay et al. studied the decays of a 8Be excited
state to its ground state and found a bump in both the opening angle and invariant mass
distributions of e+e− pairs produced in the transitions [1]. This 6.8σ deviation from the
expectation can be fitted by the production of a new particle X of mass around 17 MeV
in the transition 8Be∗ → 8Be X and the subsequent decay of X into electron-positron pair.
Although the excess can be due to unknown nuclear effects, the existence of a new particle
was investigated in [2–11] from different aspects. It is shown that the proton coupling to
X is suppressed, or the X boson is protophobic, in order to alleviate various experimental
constraints for a new light gauge boson [2, 7]. Some anomaly free phenomenological models
are also proposed in Refs. [3, 7]. Furthermore, simple models involving new scalar or pseudo-
scalar particles are excluded as shown in Ref. [7].
In this paper, we take the new particle as a Z ′ gauge boson corresponding to a new U(1)d
gauge symmetry. The charge d can be a completely hidden quantum number governing the
dark sector or a certain combination of Standard Model (SM) quantum numbers. Hence
the Z ′ boson plays as a portal between the dark sector and visible sector. A simple dark
photon model containing two parameters (ε,m) has been ruled out by confronting various
experiments both in quark sector and lepton sector [2]. The dark Z model, however, has one
more parameter εZ which is induced by the mass mixing between Z and Z
′. This mixing
allows interactions between Z ′ and fermions including neutrinos. Then it is a natural and
interesting topic to discuss the possibility of this more generic model. In the following
sections, we will show that the hidden gauge boson couples to proton (neutron) and electron
(neutrino) in equal strengths. Due to the above coupling relations, we will present explicitly
the incompatiblity between the measurement of Krasznahorkay et al. [1] and TEXONO
ν−electron scattering experiments [12]. Since the generic hidden U(1) model is disfavored,
we also consider non-hidden U(1) portal models for further phenomenological studies. We
shall demonstrate that such models are also disfavored by the existing DM direct search data
for DM mass above 500 MeV. To probe DM lighter than 500 MeV in non-hidden models,
we propose direct searches based upon DM-electron scatterings.1.
1 A similar idea for scalar and vector DM was investigated in Ref. [8]. Here we focus on fermionic DM with
a p-wave contribution to DM annihilation cross section during thermal freeze-out epoch.
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We organized the paper as follows : in section II we describe the generic Z ′ Lagrangian
and take the Z ′ boson as the DM force mediator; in section III we derive the constraints for
the model parameters from the 8Be transition and other experiments, in particular TEXONO
experiment excludes the simple dark Z model; in section IV we investigate the implications
of DM direct search with DM-nucleus scatterings and discuss the sensitivities of future Si
and Ge detectors to DM-electron scattering in the framework of non-hidden U(1) portal
model with the WIMP mass between 20 MeV and 500 MeV; we then conclude in Section V.
II. THE FRAMEWORK
A. The generic hidden U(1) model
We assume that the dark sector interacts among themselves and links the SM particles
via a hidden abelian U(1)d gauge symmetry. The connection between visible and dark sector
is established by the U(1)d gauge boson Z
′ through its kinetic mixing with the SM U(1)
gauge boson B,
Lgauge = −1
4
BµνB
µν +
1
2
ε
cos θW
Z ′µνB
µν − 1
4
Z ′µνZ
′µν , (1)
where ε characterizes the kinetic mixing. After spontaneous symmetry breaking (SSB) W
and Z bosons get their masses while photon stays massless in SM. The mass of Z ′, which is
quite model dependent, can be generated either from Stu¨ckelberg mechanism (one example
can be found in [13]) or by applying Higgs mechanism (for example see [14]). Generically in
addition to kinetic mixing interaction as shown eq.(1), there is a mass mixing term between
Z ′ and Z. For simplicity, here we do not distinguish the Z ′ gauge eigenstate and its mass
state (both states are related by several rotations) and keep in mind hereafter Z ′ will be in
mass eigenstate. Without involving detailed information of UV complete models, one can
always obtain effective interactions among Z ′ and SM fermions by diagonalizing the kinetic
mixing and mass mixing terms,
Lvisible = −
(
εγeJ
µ
em + εZ
g
2cW
JµNC
)
Z ′µ (2)
where εγ = ε, and εZ is certain combination of ε and rotation angles, which depends on UV
complete theory and mass generation mechanism. The electromagnetic current and weak
3
neutral current are
Jµem,f = Qf f¯γ
µf and JµNC,f = (T3f − 2Qfs2W )f¯γµf − T3f f¯γµγ5f (3)
respectively, where f stands for the fermions with corresponding electric charge Qf , isospin
T3f = ±12 . More details about this model can be found in [14, 15]. Furthermore, we assume
the interaction in dark sector is
Ldark = edχ¯γµχZ ′µ, (4)
where the DM χ is assumed to be Dirac fermion carrying a charge ed under the hidden gauge
symmetry.
B. Z ′ → e+e− and Z ′ → νν¯
In fitting to the measurement by Krasznahorkay et al., one obtains the mass of the light
boson to be [1]
MZ′ = 16.7± 0.35(stat.)± 0.5(sys.) MeV. (5)
Therefore, the Z ′ considered in our framework can only decay into e+e− and νν¯. The
corresponding decay widths are given by
Γ(Z ′ → e+e−) = αem(a2e + b2e)
M2Z′ + 2m
2
e
3MZ′
√
1− 4m
2
e
M2Z′
(6)
and
Γ(Z ′ → νiν¯i) = αem(a2ν + b2ν)MZ′ (7)
respectively2. We have summed up three flavors of neutrino and the parameters af and bf
are defined as
af = Qfεγ +
T3f − 2Qfs2W
2cW sW
εZ and bf = − T3f
2cW sW
εZ . (8)
Numerically, we have ae = −εγ − 0.05εZ , be = −0.6εZ and aν(bν) = −(+)0.6εZ respectively.
2 One should bear in mind that a dark sector decay channel may also open for the corresponding final
state particle mass is kinematically allowed. Hence the branching ratio of Z ′ → e+e− could be a tuning
parameter.
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III. THE CONSTRAINTS IN GENERIC HIDDEN U(1) MODEL
A. The explanation to 8Be∗ → 8Be Z ′ and other experimental constraints
The dark Z ′ interaction with nucleon can be characterized as
− LN = Z ′µ(JNµ + JN5µ) (9)
with JNµ = eεpp¯γµp + eεnn¯γµn and J
N
5µ = eεp5p¯γµγ5p + eεn5n¯γµγ5n respectively. Only the
vector current part contributes to the matrix element 〈8BeZ ′|LN|8Be∗〉 if parity is conserved.
It is interesting that the couplings for proton and neutron are identical to ae and aν except
the sign flip by opposite electric charge and weak isospin. Thus, we deduce that
εp = 2au + ad = εγ + 0.05εZ = −ae (10a)
εn = au + 2ad = −0.6εZ = −aν . (10b)
According to Refs. [1, 2], we have
Γ(8Be∗ →8 BeZ ′)
Γ(8Be∗ →8 Beγ) Br(Z
′ → e+e−) = 5.8× 10−6. (11)
In the isospin symmetry limit3, we have [2]
Γ(8Be∗ →8 BeZ ′)
Γ(8Be∗ →8 Beγ) = (εp + εn)
2
[
1− ( MZ′
18.15 MeV
)2
]3/2
. (12)
The branching ratio of Z ′ → e+e− in our scenario can be deduced from Eq. (6) and Eq. (7),
Br(Z ′ → e+e−) ≈ a
2
e + b
2
e
(a2e + b
2
e) + 3(a
2
ν + b
2
ν)
=
ε2p + ε
2
n
ε2p + 7ε
2
n
, (13)
where we have applied the relations |be| = |bν | = |aν | = |εn|, |ae| = |εp|, which particularly
hold in dark Z model.
In addition, as pointed in Ref. [2] and constraints summarized in Ref. [16], two most
severe bounds from the search of dark photon in the relevant mass range are obtained by
NA48/2 [17] and E141 experiments [19]. NA48/2 gives an upper bound requiring εmax .
3 In general the transitions between 8Be∗ and 8Be can be both isovector and isoscalar. A isospin breaking
derivation for the transition is presented in Ref. [2]. However, the modification is only about 20%. Since
our results are not much affected, we present the isospin symmetry limit of the transition rate for simplicity.
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4.8×10−4 at 90% C.L. [17]. 4 We translate the constraint into our framework by interpretting
the process as pi0 → Z ′γ → e+e−γ. Again the branching ratio modification is taken into
account,
|εp| . (0.8− 1.2)× 10
−3√
Br(Z ′ → e+e−) . (14)
E141 is a electron beam dump experiment at SLAC which searches for a dark photon
bremsstrahlung resulting from electrons incident on a nuclear target [19]. The experiment
sets a lower bound for the coupling strength in our scenario
|ae|√
Br(Z ′ → e+e−) & 2× 10
−4. (15)
Combining the condition of Eq. (12) and two constraints, Eq. (14) and Eq. (15), we plot
the allowed parameter region for (εp, εn) in Figure 1. The green band is the allowed region
to fit the 8Be anomaly while the purple shaded and pink shaded areas are excluded by
the beam dump and NA48/2 experiments, respectively. One observes that εn lies within a
narrow region between 10−1 and 10−2 and εp is constrained in the range of 10−4 ∼ 10−3. The
allowed coupling strength of Z ′ to proton is relatively smaller than the coupling strength of Z ′
to neutron. Hence a protophobic feature is suggested by the measurement of Krasznahorkay
et al..
B. ν − e scattering experimental constraint
For the hidden U(1) model, the same constraints also apply to (ae, aν) as shown in
Eq. (10a) and Eq. (10b). Therefore, the constraints from short baseline accelerator and/or
reactor neutrino-electron scattering experiments must be taken into account [12, 20, 21].5 A
global analysis on the nonstandard interactions that are deviated from the SM predictions
is presented in Ref. [23]. We take the effective Lagrangian approach by integrating the
intermediate Z ′ boson, which yields the following bounds
|(ae − aν)aν | . 8× 10−9 and |(ae + aν)aν | . 5× 10−9 (16)
Using Eqs. (10a) and (10b), these bounds can be translated into constraints for εp and
εn. These constraints are so stringent that they are incompatible with the experimental
4 In [18] the NA48/2 constraint on U(1)d model is also applied similarly.
5 An example of constraining U(1)B−L model by using ν − e scattering experiment can be found in [22].
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FIG. 1: The allowed parameter space on (εp, εn) or (ae, aν) plane in generic hidden U(1) model.
E141 and NA48/2 exclusion regions are indicated. The green band is the allowed parameter space
resulting from 8Be anomaly with the error of Z ′ mass taken into account. The allowed narrow
band is however incompatible with the TEXONO ν − e scattering experiment [12].
constraints we just derived in the framework of generic hidden U(1) model.
IV. NON-HIDDEN U(1) PORTAL AND DM-ELECTRON SCATTERING PRO-
CESS
To accommodate the new light gauge boson indicated in 8Be anomaly as well as U(1)
portal scenario, we are led to consider models with non-hidden U(1) gauge symmetry and
MeV-scale DM6. Non-hidden U(1) charge suggests a certain linear combination of SM quan-
tum number and/or other hidden charge. Phenomenologically, such models will include a
new set of direct gauge-fermion couplings. The interplay between these couplings with the
gauge boson mixings will modify the relations among quark and lepton couplings such as
Eq. (10a) and Eq. (10b). There are various ways of model-building to impose such non-
hidden U(1) gauge symmetry motivated by 8Be anomaly [3, 7]. In this paper, we do not
intend to study these models in detail but rather assume that the couplings of Z ′ to vari-
6 An axion-like or other scenario of mχ < 500 MeV are viable. We concentrate our discussion on MeV-scale
DM in this paper.
7
χχ
χ
Z ′
Z ′
Z ′
χ¯
χ
χ¯
χ
Z ′
p, n
χ
p, n
χ
ied
iεp,ne
FIG. 2: left : DM annihilation to a Z ′ pair. This P-wave process is enhanced when the relative
velocity of the annihilating DMs is small, 〈σv〉 ∝ v−1. This is due to the Sommerfeld enhancement
effect. middle: DM-DM self-interaction. N-body simulation and astrophysical observations set the
range of the self-interaction cross section as 0.1 (cm2/g) ≤ σ/mχ ≤ 1 (cm2/g). See the texts for
the details. right : DM-nucleus scattering. We calculate the DM-nucleus scattering cross section
in which the vertices ed is fixed by DM relic abundance and DM self-interaction constraints while
εp,n are taken from the allowed region in Figure 1.
ous fermions are not correlated. In particular, we assume the severe constraint from ν − e
scattering can be alleviated7. In this section, we first discuss various constraints on those
generic non-hidden U(1) models, including constraints from cosmology and constraints from
DM direct search with DM-nucleus scattering. We then discuss the sensitivities of future Si
and Ge detectors to DM-electron scatterings for light DM in the MeV mass range.
A. Thermal freeze-out and cosmological constraints
DM relic abundance requires the WIMP annihilation cross section to be around 〈σv〉 ≈
3 × 10−26 cm3 s−1. In our study we shall consider other cosmological constraints on 〈σv〉.
For cosmic microwave background (CMB) the additional injection of energy via the DM
annihilations will increase the ionization fraction in the CMB anisotropy. Hence it will
suppress the power spectrum at small angular scales due to the broadening of the last
scattering surface, and also enhance the polarization power spectra at low multipoles due
to the increasing probability of the Thomson scattering. The Planck data puts strong
7 One simple example is the U(1)B model with B the baryon number. In such a model the neutrino-Z
′
coupling vanishes, thus the TEXONO bounds can be evaded. An anomaly free U(1)B model is proposed
in Ref. [7]
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bounds on s-wave annihilation cross section for the DM mass ranging from sub-MeV to 100
GeV [28]. In particular, the constraints are stringent if the fraction of electron final state
is non-negligible. We note that 8Be anomaly indicates a substantial fraction of e+e− final
state in Z ′ decays. In such a case the Planck data requires the s-wave 〈σv〉 to be less than
10−29 ∼ 10−30 cm3s−1 for MeV-scale DM [28].
Here we consider the process, χχ → Z ′Z ′, as the dominant DM annihilation channel.
The Feynman diagram for this process is depicted on the left of Figure 2. In the parity
conservation limit, this process is mostly p-wave as pointed out in [29]. We include the
Sommerfeld enhancement factor [30, 31] and find αd ≡ e2d/4pi, the analogous fine structure
constant for U(1)d gauge interaction, is about 5.2 × 10−5 (mχ/GeV) to satisfy the thermal
relic abundance. Here we already include the constraint on DM self-interaction strength,
which requires 0.1 (cm2/g) ≤ σ/mχ ≤ 1 (cm2/g). The Feynman diagram for DM self-
interaction is shown in the middle of Fig. 2. The above range for σ/mχ was proposed for
resolving the discrepancies between the numerical N-body simulations using the hypothesis
of collisionless cold dark matter (CCDM) and the astrophysical observations on the small
structure of the universe [32]. This puzzle is the so-called cuspy-core problem in the center
regions of galaxies. The CCDM simulations [33] predicts cuspy profiles in the center regions
of galaxies while much more flatten cores are found in our Milky Way [34] and other nearby
dwarfts [35], and low luminous galaxies [36, 37]. The other is so-called “too-big-to-fail” prob-
lem which is referred to the sizes of subhalos. The observed Milky Way satellites are hosted
by much less massive subhalos compared to sizes of those predicted by simulations [38].
In addition, the cross sections between DM and baryons are constrained based on the
linear density perturbations in cosmology [39, 40]. New interactions could transfer momen-
tum from DM to baryon-photon fluid and modify the baryon-photon oscillations. This then
affects the spectrum of CMB and the Lyman-α forest data from the Sloan Digital Sky Sur-
vey (SDSS). A model-independent constraint on the DM-baryon cross sections (power-law
dependence on DM-baryon relative velocity) was investigated in [40]. Specifically, the DM-
baryon cross section, which is essentially the cross section between DM and hydrogen, is
parameterized as σ0v
n with v the relative velocity between DM and baryon. The constraint
on σ0 is given for n = 0,−1,−2, and − 4. In the next subsection, we shall compare such
constraints with the DM-baryon cross section predicted by non-hidden U(1) portal models.
Finally, in order to prevent the photodissociation which can alter the light element
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abundances during the big bang nucleosynthesis, one requires the lifetime of Z ′ to be less
than 1 second in the early universe [42]. Hence the mixing parameter is constrained to
be εZ & 6.8 × 10−11 ×
√
17MeV/MZ′ [43]. In this paper, we focus on the scenario that
mχ > MZ′ . Hence the minimum mχ in our study is 20 MeV.
B. DM direct searches and the DM-nucleon cross section through the exchange
of 17 MeV Z ′
Even though the non-hidden U(1) models can accommodate both Be-anomaly and ν − e
scattering experiments, it is worthy of looking at the impact of DM direct searches on these
models. The corresponding Feynman diagram is depicted on the right of Figure 2. In the
limit of zero momentum transfer (q2 = 0), the DM-nucleus scattering cross section is given
by
σχA =
16piαemαdµ
2
χA
M4Z′
[εpZ + εn(A− Z)]2 (17)
where Z and A are proton number and mass number, respectively, and µχA = mχmA/(mχ+
mA) is the DM-nucleus reduced mass. In this case, DM-neutron coupling εn gives the
main contribution to σχA due to the suppression of εp compared to εn. Additionally, the
force mediator is light enough such that the propagator correction M4Z′/(M
2
Z′ + q
2)2 due
to the momentum transfer should be included in the cross section σχA. We have included
this correction in our calculation and have done the same for calculating σχn (DM-neutron
scattering cross section) and σχp (DM-proton scattering cross section). With v = 270 km/s
the DM velocity dispersion, we have q2 ≈ m2χv2 ≈ (mχ/GeV) ·MeV2. The coupling strength
αd ≡ e2d/4pi is fixed at 5.2×10−5 (mχ/GeV) due to thermal relics via p-wave contribution and
the DM self-interaction constraints. The cross section σχA can be evaluated by taking the
parameter set (p, n) according to the region allowed by Be-anomaly as shown in Figure 1.
It is also useful to write σχA = σχn(A− Z)2(mχ +mn)2/m2n, which is valid for εn  εp and
mA  mχ.
We plot in Fig. 3 the theoretical predictions of σχn for DM mass between 0.5-10 GeV. The
DM-neutron cross section is around the 10−26 cm2 for mχ = 0.5 GeV. We also show the cor-
responding DM direct search bounds obtained by CRESST-II(2015) [24], DAMIC(2012) [25],
10
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FIG. 3: The theoretical predictions of σχn from the allowed range of (εp, εn) parameter space is
shown. The purple shaded regions are the predicted DM-neutron cross section. The exclusion
lines by CRESST-II(2015) [24], DAMIC(2012) [25], CDMSlite(2015) [26], and LUX(2015) [27] are
presented for εp/εn = 1 and εp/εn = 0.05, respectively, where the latter ratio is the protophobic
scenario favored by 8Be experiment. σχn is predected to be around 10
−26 ∼ 10−27 cm2. The
attenuation length of DM with these cross section will not penetrate 1000 m rock to reach the
detectors. Therefore, DM direct searches will not probe the parameter space allowed by Be-
anomaly.
CDMSlite(2015) [26], and LUX [27]8. Although the direct searches have set strong bounds
on σχn, we cannot naively apply such bounds. It is because the DM cannot reach the
underground detectors for σχn ∼ 10−26 cm2. This can be understood by considering a un-
derground laboratory with 1000 m of standard rock (with Z = 11, A = 22 and the density
ρ = 2.65 g/cm3) as the overburden. For mχ = 1 GeV, the DM with σχn higher than
5.4 × 10−30 cm2 will not be able to reach the detector since its attenuation length will be
shorter than 1000 m. On the other hand, a cross section lower than 5.4× 10−30 cm2 will be
subject to the direct search constraint. Here attenuation length is defined as Λ = 1/(nση)
where n is the number density of target nuclei and η is the inelasticity of DM-rock collision,
8 A new update result of LUX on IDM 2016 claims a constraint four times better than the one published in
2015 during the writing of this paper. By incorporating this new result, the exclusion region will extend
to a lower DM-nucleon cross section. Nonetheless, we still present the LUX 2015 result as a benchmark
in this work.
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i.e., the fraction of initial DM kinetic energy transferred to the target nucleus. On aver-
age we have η = mχ/mA. For a fixed standard rock overburden, the critical DM-neutron
cross section, denoted as σcχn, below which DM can reach to the detector is proportional to
mA/mχ ·m2n/(mχ +mn)2. Clearly σcχn increases as mχ decreases.
Since one cannot test the very large σχn for GeV range mχ by direct search, it is of interest
to see whether CMB and SDSS data mentioned in the previous subsection can provide some
constraints or not. As pointed out in Ref. [40], the upper bounds on σχp/mχ for a velocity-
independent σχp is 5.9× 10−27 cm2/GeV with the combination of CMB and Lyman-α data.
Taking the protophobic scenario εp/εn = 0.05 implied by Be-anomaly, such a constraint is
translated into σχn/mχ < 2.4 × 10−24 cm2/GeV. The DM-nucleon cross section in non-
hidden U(1) model discussed here is essentially velocity-independent for GeV-scale mχ (the
momentum transfer is less than mZ′). Hence the Be-anomaly allowed σχn is still compatible
with CMB+Lyman data for GeV range mχ.
We have seen that neither direct search with DM-nucleus scattering nor cosmological
data can probe the predicted σχn in the GeV mass range. In particular the former is due
to the large σχn that prevents DM entering the underground laboratory. We note that
σcχn is proportional to mA/mχ ·m2n/(mχ + mn)2 while the predicted σχn is proportional to
m2χm
2
n/(mχ +mn)
2. It is clear that the chance for DM to enter the underground laboratory
increases as mχ decreases. This leads us to consider MeV DM which is to be detected by
DM-electron scattering instead of DM-nucleus process as will be discussed later.
C. DM-electron scattering process
It is useful to begin this subsection with discussions in kinematics. We note that σcχn and
the predicted σχn coincides around mχ = 50 MeV. At this mass, it is found that σ
c
χn = 10
−28
cm2 while the model predicts σχn = 9×10−29 cm2. Hence the overburden of the underground
laboratory should be less than 1000 m of standard rock to allow DM of this mass to enter
and interact. In the following discussions we assume this is the case and consider mχ to be
between 20 and 50 MeV. As said, the lower limit of mχ is due to the requirement mχ > mZ′ .
We note that the conventional DM direct search looks for the nuclear recoils. However,
the nuclear recoil energy, Erecoil = (mχv)
2/(2mA) ≈ (mχ/100 MeV)2 (mA/10 GeV)−1 eV, is
12
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FIG. 4: The red shaded regions are the theoretical predictions of σχe with |ae| lying in the range
of 10−6 − 10−5 for 20 MeV < mχ < 50 MeV. The gray shaded region are the predictions with |ae|
lying in the range of 10−4− 10−3. XENON 10 [48] excluded the parameter space is represented by
purple shaded region. The projected sensitivities of Si and Ge detectors with threshold charges of
5e− are represented by the green solid line and the orange dashed line, respectively.
sub-eV for the MeV-scale DM and is far below the threshold energies in current experiments.9
Instead of detecting the nuclear recoils, it was suggested that DM-electron scattering can
be the DM detection signal [44–46]. The DM-electron cross section σχe is given by [47]
σχe = 16piαemαda
2
e
µ2χe
M4Z′
(18)
where µχe is the DM-electron reduced mass. We show the theoretical predictions to σχe and
XENON 10 exclusion region in Fig. 4. The purple shaded area is excluded by XENON 10
based on the DM-electron scattering and the capability of charge threshold Qth = 10e
− [48].
The projected sensitivities for Silicon and Germanium targets with improved Qth = 5e
−
are presented as green solid line and orange dashed line, respectively [49]. The red shaded
region is the theoretical predictions of σχe corresponding to the range of 10
−6 < |ae| < 10−5.
Our calculation on σχe shows that the MeV DM under Z
′ model can be tested by future
experiments.
9 v ' 10−3 is the DM velocity dispersion in the halo.
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V. SUMMARY
Motivated by the possible existence of a new light boson from the experiment of Kraszna-
horkay et al. [1], we investigate the Z ′-portal models. The additional U(1) gauge symmetry
may correspond to a hidden charge or a non-hidden charge. The reactor neutrino-electron
scattering sets a severe constraint which excludes the parameter space of generic hidden
U(1) model. Since the generic hidden U(1) model is disfavored, we are led to consider the
non-hidden U(1) portal models. Using the current DM direct search data, we have shown
that such models predict σχn to be larger than 10
−27 cm2 for mχ > 500 MeV. Such DM
cannot reach the detector located beneath 1000 m of rock and cannot be probed by the
DM-nucleon scattering approach. To probe DM lighter than 50 MeV in non-hidden U(1)
models, we propose direct searches based upon DM-electron scatterings. The sensitivities
of future Si and Ge detectors to σχe are given in Fig. 4. Hence the sensitivities of these
detectors to the couplings strength |ae| can be determined accordingly.
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